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ABSTRACT
The Airborne Radiological Enhanced-sensor System (ARES) system includes a prototype helicopter-borne Csl(Na) detector array that has been developed as part of a DHS
Domestic Nuclear Detection Office Advanced Technology Demonstration. The detector system geometry comprises two pairs of 23 detector arrays designed to function as active
masks, providing additional angular resolution of measured gamma rays in the roll dimension. Experimental measurements, using five radioisotopes (137Cs, °Co, 241Am, 131], 9mTc),
were performed to map the detector response in both roll (8) and pitch () dimensions. This work describes the acquisition and analysis of these characterization measurements,
calculation of the angular response of the system, and how this response function is being used to improve aerial detection and localization of radiological and nuclear sources.

EXPERIMENTAL CHARACTERIZATION OF THE ARES DETECTOR SYSTEM
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S Y Experi derived angular response of the two detectors
lcsxl(h a>; 16 (55,56). These plots show the sensitivity of each detector, in units of
detector effective area (color), as a function of the source direction projected
elements on the lateral/roll axis (abscissa) and longitudinal/pitch axis
(23 per array) v (ordinate). Points illustrate a subset of locations where

1ts were made. Interpolation and smoothing filters were
then applied to results prior to plotting. Detector 55 exhibits the
narrow angular response of detectors from the inner positions, while
detector 56 illustrates the broad angular response of detectors at
outer positions, but with a feature corresponding to the helicopter
skid.
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Schematic of the phase space mapped with
measurements. Quadrants Il and IV were
mapped out for the starboard pod, the six lanes
used for measurements are indicated in solid.
Symmetry was used to calculate the response
for the quadrants | and Il and for the port pod.

Schematic end-on view of one ARES pod. Each pod
contains two 23-detector arrays arranged to provide
angular resolution in the roll dimension. Detectors 55,
56 are indicated in orange and yellow respectively.

Experimental setup with the starboard pod.
Sources were moved along lanes 1-6 to
characterize the detector response as a
function of roll, pitch, and gamma-ray energy.
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(top) Helicopter flight path over Pacifica, California with terrain colored by USG

geologic material map. Mountainous terrain and varying geology make this region an
excellent proving ground for aerial measurement systems. The flight path covered a
4.5x2.5 km area. (bottom) Sensitivity-corrected back-projection (color) of
measurements of the 1460 keV gamma-ray from %K overlaid on satellite imagery. Flight
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Demonstration of point source localization using 7.8 seconds of flight data. During data collection, a 1.5 mCi '3’Cs source was placed
on the roof of Etcheverry Hall, red X in figure (a). The spatial scene and time-dependent helicopter pose, (a), was reconstructed via
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path is colorized by 1460 keV rate in the entire detector system. Imaging pixels come simultaneous localization and mapping (SLAM) using time-synchronized helicopter imagery, the helicopter path is colored by 662 keV

froma b with appr ly 10 m? pixels. event rate. The spatial scene was segmented with 2 m length voxels then used for image reconstruction.
METHODS ARES IN ACTION
The energy dependent angular response (photo- I
peak efficiency) of each detector, n(E,d,6,¢), was  Photo-peak rate at a particular pose: R |
calculated as: . ) oy =,
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t = £(6,9), ras = £(6,0) many detectors and poses:
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Background subtracted photopeak rate is scaled by c P P P, A
the attenuated gamma-ray flux. :1 = f‘” 11 1;’" :1
For radiological mapping, spatial context and Cn] [Pno Pat - Pom]|Am
helicopter pose were acquired via two methods: Sensitivity-corrected
1) a terrain database and GPS/INS data back-projection MLEM
2).simlfltane.ous localization and mapping (SLAM) PTc s Ak T c
using visual imagery. PT1 =pT1 PaF
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